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Attorney's Docket No. 025219-386 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



In re Patent Application of 

Perrin, et al. 
Application No.: Unassigned 
Filed: Herewith 

For: DEVICE FOR PRODUCING A 

MODULATED ELECTRIC FIELD 
FOR AN ELECTRODE AND ITS 
APPLICATION IN FLAT FIELD 
EMISSION SCREENS 



Group Art Unit: Unassigned 
Examiner: Unassigned 



PRELIMINARY AMENDMENT 

Assistant Commissioner for Patents 
Washington, D.C. 20231 

Sir: 

Prior to examination, please amend the subject application as follows: 



IN THE SPECIFICATION 

Please amend the specification by inserting before the first line the sentence: 
"This application is a national phase of PCT/FR00/02487 which was filed on September 
8,2000, and was not published in English." 



Application Serial No. Unassigned 
Attorney's Docket No. 025219-386 

IN THE CLAIMS : 

Please amend claim 4 as follows: 

4. (Amended) Device according to claim 1, characterized in that the first (25) and the 
second electrode (27) and the means forming modulation electrode (28,29) are arranged in 
parallel. 

Please amend claim 5 as follows: 

5. (Amended) Device according to claim 1, characterized in that the means forming 
modulation electrode comprise two electrodes (28, 29) surrounding the first electrode (25). 

Please amend claim 13 as follows: 

13. (Amended) Display screen according to claim 10, characterized in that the means 
forming modulation electrode comprises two electrodes (38, 39) surrounding said cathode 
electrode (35). 

Please amend claim 14 as follows: 

14. (Amended) Display screen according to claim 10, characterized in that, as said cathode 
electrode is located between said anode electrode and the means forming modulation 
electrode, the means forming modulation electrode (50) is made up of a single electrode. 
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Please amend claim 15 as follows: 

15. (Amended) Display screen according to claim 10, characterized in that, as said cathode 
electrode is located between said anode electrode and the means forming modulation 
electrode, said cathode electrode (35) and the means forming modulation electrode (38, 39) 
are separated by a layer of insulating material (34). 

Please amend claim 16 as follows: 

16. (Amended) Display screen according to claim 10, characterized in that as said cathode 
electrode (35) comprises a conductor element on which is deposited a layer of emissive 
material (30). 

Please amend claim 20 as follows: 

20. (Amended) Display screen according to claim 10, characterized in that it is of the 
matrix type, the crossing of lines and columns defining pixels. 

Please amend claim 23 as follows: 

23. (Amended) Display screen according to claim 21, characterized in that the conductor 
lines (Y,, Y j; Y k ) comprise windows (80) facing the conductor columns (85), the emissive 
material (87) supported by the conductor columns being only present on the areas of the 
conductor columns corresponding to the windows (80). 
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PLEASE ADD THE FOLLOWING CLAIMS: 

26. Device according to claim 3, characterized in that the first (25) and the second 
electrode (27) and the means forming modulation electrode (28,29) are arranged in parallel. 

27. Device according to claim 4, characterized in that the means forming modulation 
electrode comprise two electrodes (28, 29) surrounding the first electrode (25). 

28. Display screen according to claim 12, characterized in that the means forming 
modulation electrode comprises two electrodes (38, 39) surrounding said cathode electrode 
(35). 

29. Display screen according to claim 12, characterized in that, as said cathode 
electrode is located between said anode electrode and the means forming modulation 
electrode, the means forming modulation electrode (50) is made up of a single electrode. 

30. Display screen according to claim 12, characterized in that, as said cathode 
electrode is located between said anode electrode and the means forming modulation 
electrode, said cathode electrode (35) and the means forming modulation electrode (38, 39) 
are separated by a layer of insulating material (34). 
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31. Display screen according to claim 15, characterized in that as said cathode electrode 
(35) comprises a conductor element on which is deposited a layer of emissive material (30). 

32. Display screen according to claim 19, characterized in that it is of the matrix type, 
the crossing of lines and columns defining pixels. 

33. Display screen according to claim 22, characterized in that the conductor lines (Y p 
Y j? Y k ) comprise windows (80) facing the conductor columns (85), the emissive material 
(87) supported by the conductor columns being only present on the areas of the conductor 
columns corresponding to the windows (80). 
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REMARKS 



Entry of the foregoing amendment to the Specification is requested to comply with 
the requirements of 37 C.F.R. 1.78(a)(2). 

The claims of the subject application have been amended to avoid multiple 
dependency. Favorable consideration of the subject application is respectfully requested. 

Attached hereto is a marked-up version of the changes made to the claims by the 
current amendment. The attached page is captioned " Version with markings to show 
changes made. " 



Respectfully submitted, 



Burns, Doane, Swecker & Mathis, l.l.p. 




Robert E. Krebs 
Registration No. 25,885 



Post Office Box 1404 
Alexandria, Virginia 22313-1404 
(650) 622-2300 



Date: February 14, 2002 
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VERSION WITH MARKINGS TO SHOW CHANGES MADE 

In the claims: 

Claims 4, 5, 13 - 16, 20 and 23 have been amended as follows: 

4. Device according to any one of claims 1 to^, characterized in that the first (25) and 
the second electrode (27) and the means forming modulation electrode (28,29) are arranged 
in parallel. 

5. Device according to any one of claims 1 to-4, characterized in that the means forming 
modulation electrode comprise two electrodes (28, 29) surrounding the first electrode (25). 

13. Display screen according to any one of claims 10 tcrK, characterized in that the 
means forming modulation electrode comprises two electrodes (38, 39) surrounding said 
cathode electrode (35). 

14. Display screen according to any one of claims 10 to-42, characterized in that, as said 
cathode electrode is located between said anode electrode and the means forming 
modulation electrode, the means forming modulation electrode (50) is made up of a single 
electrode. 

15. Display screen according to any one of claims 10 to-42, characterized in that, as said 
cathode electrode is located between said anode electrode and the means forming 
modulation electrode, said cathode electrode (35) and the means forming modulation 
electrode (38, 39) are separated by a layer of insulating material (34). 

16. Display screen according to any one of claims 10 to~±5, characterized in that as said 
cathode electrode (35) comprises a conductor element on which is deposited a layer of 
emissive material (30). 

20. Display screen according to any one of claims 10 to-19, characterized in that it is of 
the matrix type, the crossing of lines and columns defining pixels. 

23. Display screen according to claims 21 orf2, characterized in that the conductor lines 
(Y i? Yj, Y k ) comprise windows (80) facing the conductor columns (85), the emissive 
material (87) supported by the conductor columns being only present on the areas of the 
conductor columns corresponding to the windows (80). 

Claims 26 - 33 have been added. 
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DEVICE FOR PRODUCING A MODULATED ELECTRIC FIELD FOR AN 
ELECTRODE AND ITS APPLICATION IN 
FLAT FIELD EMISSION SCREENS 

Technical field 

The present invention concerns a device to produce 
a modulated electric field for an electrode. This 
applies in particular to flat field emission screens. 

State of the art 

The devices for visualization by 

cathodoluminescence excited by field emission are well 
known. Such a device comprises a cathode arranged 
facing an anode. The cathode is a flat structure 
emitting electrons and the anode is another flat 
structure covered with a luminescent film. These 
structures are separated by a space in which a vacuum 
is created. 

The cathode can be a source of microtips or a 
source with a low threshold field emissive material 
(the threshold field being the electric field needed to 
extract electrons from a material) , for example 
nanostructures or carbon. The sources with an emissive 
material used in screen devices are usually shown in 
two forms - a diode type structure or a triode type 
structure . 

Figure 1 shows in a transversal cross-section 
view, a flat field emission screen operating according 
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to a diode type structure. The cathode' 1 is made up of 
a plate of insulating material 1 3 supporting parallel 
metallic tracks 4 and covered with layers ^ of an 
emissive material 5. The anode 2 is an insulating and 
transparent plate 6; for example in glass, supporting 
parallel conductor tracks 7 and at right angles to the 
cathode tracks 4 . The tracks 7 are made by the etching 
of a layer of a transparent conducting material such as 
tin and indium mixed oxide (ITO) . The tracks 7 are 
covered with films of phosphor 8. 

The cathode plate and anode plate are placed 
facing one another, the tracks being opposite to make 
up a matrix structure. The crossing of the track 
networks forms image elements or pixels. By applying an 
adequate potential difference between one track 4 of 
the^ cathode and one track 7 of the anode, an emission 
of electrons occurs on the zone of the track 4 
corresponding to the considered pixel, and the zone of 
the phosphor 8 facing is excited., A complete image can 
be obtained on' the screen by successively supplying 
each' line of the screen and by sweeping. 

So that electrode emission occurs, an emissive 
material with low threshold field such as carbon needs 
a minimum electric field of several V//xm between an 
anode track and a facing cathode track. If the space 
between these tracks is 1 mm, a potential difference of 
several kV must therefore be applied, usually between 
5,000 and 10,000 V. This leads to two main problems. 
The first is the resistance in voltage - there is 
danger of breakdown between anode and cathode and above 
all between two adjacent tracks. The second .problem 
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results from the need to switch a voltage of several kV 
when sweeping the screen. This problem can be resolved 
by reducing the space between anode and cathode which 
facilitates reducing in the same way the potential 
5 difference between them while maintaining the same 
electric field. The disadvantage of this solution is 
that this decrease in potential causes a decrease in 
the output of the phosphors and less brilliance in the 
screen. 

10 The triode type structure has been suggested in 

order to . try and remedy, these problems. Figure 2 shows 
in transversal cross-section a flat' field emission 
screen implementing such a structure. The cathode 11 is 
made up of a glass plate 13 supporting parallel 

15 metallic tracks 14 .and covered with layers 15 of an 
emissive material, carbon for example. 

The tracks 14 are placed on the bottom of trenches 
etched in a layer of insulating material 10, the layer 
10 being covered with a metal layer 19 serving as 

20 extracting gate. The anode 12 can be made up of a 
transparent plate 16 with for example a transparent and 
conductive film 17 covered by a film of luminescent 
material 18 . 

An emission of electrons by the emissive material 
25 can be obtained by applying, between the "extraction 
gate 19 and track 14, a potential difference so that 
the resulting electric field on the emissive material 
is greater than the threshold field of this material, 
usually several V/jum. As the distance separating the 
30 extraction gate from the tracks is very much smaller 
than the distance separating the anode from the 
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cathode, the potential difference to be applied is 
reduced in the same way. 

As the lines of electric field go from tracks 14 
to the extraction gate 19, a large part of the 

5 electrons emitted is going to be trapped by the gate. 
The triode type structure therefore has the 
disadvantage resulting from the fact that very few of 
the electrons emitted reach the phosphor layer. 

Such a visualization device of triode type 

10 structure therefore enables avoiding the risk of 
electric breakdown and the problems of high voltage 
switching. However, these improvements are obtained to 
the detriment of electron density emitted which reach 
the luminophore or phospor, layer. Moreover, this type 

15 of structure needs the realization of a deposit of 
emissive material solely on the bottom of trenches 
which presents considerable difficulties. 

Summary of the invention 

20 

The present invention provides for solving the 
problems set forth above. The solution consists in 
applying a modulation electric field near to an 
electrode in the vicinity of which one wishes to obtain 
25 an electric field of specified value. Depending on the 
case, the modulation electric field will have the 
effect of decreasing or increasing the value of the 
electric field in the vicinity of the electrode in 
question . 
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The first object' of the invention concerns a 
device which permits producing an electric field 
between a first and a second electrode, comprising: 

- means for applying a potential difference 
between these two electrodes, allowing to obtain, if 
this potential difference is applied alone, a 
predetermined value of electric field in the vicinity 
of the first electrode, 

- means forming modulation electrode located near 
the first electrode, either on the same plane or so 
that the first electrode is inserted between the second 
electrode and said means forming modulation electrode, 

- control means for applying a potential 
difference between the means forming modulation 
electrode and the first electrode in order to obtain 
through the contribution of said potential differences 
another predetermined value of electric field in said 
vicinity of the first electrode. 

In a first case, the means for applying a 
potential difference between the first and xthe second 
electrode and the control means, supply potential 
differences such that the value of the electric field 
in said vicinity of the first electrode is greater than 
the' value which would be due to the potential 
difference alone between the first and the second 
electrode. ' 

In a second, case, the means for applying a 
potential difference between the first and the second 
electrode and the control means, supply potential 
differences so that the value of the electric field in 
said vicinity of the first electrode is lower than the 
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value which would be due to the potential difference 
alone between the first and the second electrode. 

Conveniently, the first and the second electrode 
and the means forming modulation electrode are arranged 
5 parallel. 

The means forming modulation electrode can 
comprise two electrodes surrounding the first 
electrode . 

If the first electrode is inserted between the 
10 second electrode and the means forming modulation 
electrode, the means forming modulation electrode can 
be made up by a single electrode. 

The second object of the invention concerns a 
process for producing an electric field between a first 
15 and a second electrode comprising: 

- the application of a potential difference 
between the first and the second electrode so as to 
obtain, if this potential difference was applied alone, 
a predetermined value of the electric field in the 

20 vicinity of the first electrode, 

- the application of a potential difference 
between the first electrode and means forming 
modulation electrode and located near to the first 
electrode, either in the same plane or so that the 

25 first electrode is inserted between the second 
electrode and said means forming modulation electrode, 
in order to obtain in association with the electric 
field due to the application of the potential 
difference between the first the second electrode, 

30 another predetermined value of electric field. 
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In a first case, the application of the potential 
difference between the first and the second electrode 
is such that if this potential difference was applied 
alone, the electric field in said vicinity of the first 

5 electrode would be greater than said other 
predetermined value . 

In a second case, the application of the potential 
difference between' the first and the second electrode 
is -such that if this potential difference was applied 

10 alone, the electric field in said vicinity of the first 
electrode would be lower than said other predetermined 
value . 

A third object of the invention concerns a field 
emission screen comprising an anode plate and a cathode 

15 plate facing one another, the anode plate comprising on 
its internal surface of the screen at least one 
electrode supporting phosphor means, the cathode plate 
comprising on its internal surface of the screen at 
least one electrode emitting electrons at least 

20 partially' facing the anode, electrode, this cathode 
electrode becoming emitter of electrons when the 
electric field in its vicinity exceeds a threshold 
value, the screen also comprising application means for 
a potential difference between said anode electrode and 

25 said cathode electrode, characterized in, that the 
screen further comprises means forming modulation 
electrode located in the vicinity of the cathode 
electrode, either on the same plane or so that the 
cathode electrode is inserted between - the anode 

30 electrode and said means forming modulation electrode, 
the screen also comprising 1 control means for applying a 
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potential difference between the cathode electrode and 
the means forming modulation electrode, the means for 
applying potential differences is such it provides for 
obtaining in said vicinity of the cathode electrode a 
predetermined value of electric field resulting from 
the contribution of said potential differences, said 
predetermined value being as one wishes either lower 
than said threshold value, or greater than said 
threshold value. 

- In a first case, the means for applying a 
potential difference between said anode electrode and 
said cathode electrode is such that, in the absence of 
a potential difference applied between the cathode 
electrode and the means forming modulation electrode, 
said predetermined value of electric field is lower 
than said threshold value. 

In a second case, the mains for applying a 
potential difference between said anode electrode and 
said cathode electrode is such that,, in the absence of 
a potential difference applied between the cathode 
electrode and the means forming modulation electrode, 
said predetermined value' of electric field is greater 
than said threshold value. 

The means forming modulation electrode can 
comprise two electrodes surrounding the cathode 
electrode. 

If the cathode electrode is located between the 
anode electrode and the means forming modulation 
electrode, the means forming modulation electrode can 
be made up of a single electrode. 
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' Advantageously, the cathode electrode and the 
means forming modulation electrode are separated by a 
layer of insulating material. 

Preferably, the cathode electrode comprises a 
5 conductive part on which is deposited a layer of 
emissive material. This layer of emissive material can 
be separated from the conductive part by a resistive 
film. The layer of emissive material need only cover 
part of the resistive film. The emissive material can 
10 be a material deposited on the resistive film by a 
catalyst material deposited on the resistive film and 
on which the emissive material settles preferentially. 

The display screen is conveniently of the matrix 
type, the crossing of lines and columns defining 
15 pixels. 

According to a preferred arrangement, the anode 
plate comprises a common electrode with phosphor means, 
the cathode plate comprises a plate supporting 
conductor lines constituting the means forming 

20 modulation electrode, covered with a layer of 
dielectric material, the layer of dielectric material 
supporting the conductive columns, the lines and 
columns forming a matrix arrangement connected to 
addressing means and defining pixels, the conductive 

25 columns having an emissive material. Each pixel can 
correspond to the crossing of a line and several column 
conductors . 

According to a specific arrangement, the 
conductive lines comprise windows facing the conductor 
30 columns, the emissive material supported by the 
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conductor columns being only present on the areas of 
the conductor columns corresponding to the windows. 

A fourth object of the invention concerns a 
process for the use of a field emission screen 

5 comprising at least one anode electrode and at least 
one cathode electrode facing, the cathode electrode 
comprising an emissive material emitting electrons when 
the electric field in the vicinity of the cathode 
electrode exceeds a threshold value, characterized in 

10 ,that, in order to obtain ;an emission of electrons on 
the part of the emissive material, it comprises: 
r , - the application of* a potential difference 
between the anode electrode and the cathode electrode 
so as to obtain in the vicinity of the 1 cathode 

15 electrode, if this potential difference was applied 
alone, an electric field of value lower ■ than said 
threshold value, 

- the application of a potential difference 
between the cathode electrode and the means forming 

20 modulation electrode located near the cathode 
electrode, either in the same plane or so that the 
cathode electrode is inserted between the anode 
electrode 'and said means forming modulation electrode, , 
so as to obtain in said vicinity of the cathode 

25 electrode, in association with the electric field due 
to the application of the potential difference between 
the anode and cathode electrodes, an electric field 
value greater than said threshold value. 

A fifth object of the invention concerns a process 

30 for the use of a field emission display screen 
comprising at least one anode' electrode and at least 
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one cathode electrode facing, the cathode electrode 
comprising an emissive material emitting electrons when 
the electric field in the vicinity of the cathode 
electrode exceeds a threshold value, characterized in 
that, in order to avoid an emission of electrons from 
the emissive material, it comprises: 

- the application of a potential difference 
between the anode electrode and the cathode electrode 
so as to obtain in the vicinity of the cathode 
electrode, if this potential difference was applied 
alone, an electric field greater in value than said 
threshold value, 

- the application of a potential difference 
between the cathode electrode and the means forming 
modulation electrode located in the vicinity of the 
cathode electrode, either in the same plane or so that 
the cathode electrode is inserted between the anode 
electrode and said means forming modulation electrode, 
so as to obtain in said vicinity of the cathode 
electrode, in association with the electric field due 
to the application of the potential difference between 
the anode and cathode electrodes, an electric field 
value lower than said threshold value. 

Brief description of the drawings 

The invention will be better understood and other 
advantages and specificities will come to light on 
reading the following descriptions, given as non- 
restricting examples, accompanied by attached drawings 
among which: 
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- figure 1, already described, is a perspective 
view, in transversal cross-section, of a flat field 
emission screen according to the prior art; 

- figure 2, already described, is a transversal 
cross-section of a second flat field emission screen 
'according to .the prior art; 

figures 3A and 1 3B are cross-sections 
illustrating the operation of a device according to the 
invention; 

figure 4 is a transversal cross-section and 
partial view of a flat field emission screen according 
to the invention; 

1 figures 5 to 9 show' embodiments of realization 
of an element of flat field emission screen according 
to the invention; 

t - figure 10 is a perspective view of a cathode 
plate for flat field emission screen according to the 
invention; < 

- figures 11 to 13 are diagrams of voltages to be 
applied to address a pixel < of screen according to the 
invention . 

Detailed description of realization modes of the 
invention. 

/ 

/ 

Figures 3A , and 3B are cross-section views 
illustrating the workings of a device according to the 
invention. The device comprises a plate 21 designated 
in this example as cathode plate. The cathode plate 21 
comprises a support plate 23 supporting an electrode 25 
surrounded by two parts 28 and 29 of a same electrode. 
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The device also comprises a plate 22 designated in this 
example as anode plate. The anode plate 22 comprises a 
support plate 26 supporting an electrode 27. The anode 
plate and cathode plate are arranged facing one another 
and parallel, their corresponding electrodes facing 
each other. They are separated by the distance d. 

Figure 3A shows the case when a potential +V is 
' applied on the electrode 27 and a zero potential on 
electrode 25 as well as on the parts 28 and 29. A 
uniform electric field of value V/d is established 
within the device. Equipotential , lines are shown by 
broken lines on figure 3A. The line represented nearest 
to the electrode 25 corresponds to the potential V 1# 
intermediate between the potential of the cathode 
electrode 25 and that of the anode electrode 27. 

Figure 3B shows the case when a potential +V is 
applied on the electrode 27, a zero potential on 
electrode 25 and a potential V 1 on the parts 28 and 
29. There then occurs a shift and deformation of the 
equipotentials which cause a narrowing of the 
equipotentials above the cathode electrode 25, 
therefore an increase of the electric field at this 
point. The same effect is obtained if a potential 
difference is fixed between the electrode 27 and the 
parts 28 and 29 and the electrode 25 is taken to a more 
negative potential than that of the parts 28 and 29 as 
compared with the electrode 27. 

Inversely, if one wishes to decrease the value of 
the existing electric field on the electrode 25 by an 
imposed potential difference between the electrodes 25 
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(the potential +V) and 27 (a zero potential) , the parts 
28 and 29 can be brought to the potential - Vi. 

The electrode made up of the parts 28 and 29 can 
therefore be designated under the term modulation 
5 electrode. 

Figure 4 is a partial view, in transversal cross- 
section, of a flat field emission screen to which the 
control mode according to the invention is applied. 
This screen comprises a cathode plate 31 and, an anode 
10 plate 32 placed facing one another and parallel. They 
have electrodes on their inside face. Spacers, not 
shown, provide constant spacing between the cathode 
plate and anode plate and a vacuum is created inside 
the screen. 

15 The cathode plate 31 comprises a support plate 33 

in insulating material, for example glass, on which a 
network of metal strips 38, 39 are placed successively 
to make up the modulation electrodes, an insulating 
film 34 (for example silica) then a network of cathode 

20 electrodes 35 placed in the intervals of the underlying 
circuit. On figure 4, a single electrode of the cathode 
has been shown. It is either made up of a material with 
low threshold field, or covered by a layer of material 
with low output work, for example carbon or 

25 nanostructures . On figure 4 the cathode electrode 3 5 
has a layer 30 of such a material. The strips 38 and 39 
corresponding to an electrode 35 are connected together 
electrically to make up a modulation electrode. 

The anode plate 32 comprises a support plate 36 in 

30 insulating material and transparent - usually glass - 
covered successively with a film 37 of transparent and 
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conductive material, for example I TO, and a film 20 of 
luminescent material . 

The screen can be used according to the first 
operating mode as follows. Between the anode electrode 
37 and the cathode electrode 35 a potential difference 
is 1 applied such that the electric field resulting from 
the emitting electrode is lower than the extraction 
threshold field of electrons from the emissive material 
30. There is therefore no emission of electrons under 
the effect of this single field. 

If the modulation electrode 38, 3 9 is brought to 
an intermediate potential between that of the anode and 
that of the emitting electrode, a shift and deformation 
of equipotentials occurs causing an increase of the 
electric field on the emitting electrode. The potential % 
of the modulation electrode can be chosen so that the 
electric field on the emitting electrode becomes' 
greater than the threshold field of the emissive 
material. There will then be emission of electrons. 
These electrons are emitted at right angles to the 
emission electrode. They are then accelerated by the 
anode field and strike the luminescent film 20 covering 
the anode electrode 37. In this way, for any value V of 
the potential applied to the emissive electrode, there 

is a value V s of potential which, applied to the 

t 

modulation electrode, makes it possible to have an 
electric field on the emitting electrode equal to the 
threshold field of emission of the material, V s being 
greater than V: 

V s = V + AV S 
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For any value of potential of the modulation electrode 
greater than V s , there is emission of electrons. 

As an example, the anode plate 3 2 and cathode 
plate 31 can be 1 mm apart, the metal strips 38 and 39 
5 can have a width of 2 0 jxm and be 10 p apart. The 
insulating layer 34 can be a film of silica, 1 /xm 
thick. The cathode electrode 3 5 can have a width of 
5 fim and be in the centre of the space separating the 
metal strips 38 and 39. For an emissive material 30 
10 with a threshold field of 5 to 6 V/jLtm, which is usual, 
a potential of + 3000 V is applied on the anode as 
compared to the cathode, which gives an electric field 
of 3 V//im on the emitting electrode, this field being 
lower than the threshold field. As the cathode 
15 electrode 35 is being maintained at 0 V, if the 
modulation electrode 38, 39 is brought to + 30 V, the 
electric field on the surface of the emissive electrode 
changes to 7 v//xm which is greater than the threshold 
field. It appears therefore that the voltages to be 
20 switched over remain low, usually several tens volts 
which does not cause any problems. 

The screen can also be used according to the 
second operating mode as follows. Between the anode 
electrode 37 and the cathode electrode 35 a potential 
25 difference is applied and the result is an electric 
field on the emitting electrode. If this electric field 
is greater than the extraction threshold field of 
electrons from the emissive material 30, there is 
emission of electrons under the effect of this field 
30 alone. If the modulation electrode 38,39 is brought to 
a lower potential than that of the cathode electrode 
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35, a shift and deformation of equipotent ials occurs 
causing a decrease of the electric field on the 
emitting electrode. The potential of the modulation 
electrode can be chosen so that the electric field on 
the emitting electrode becomes lower than the > threshold 
field of the emissive material and thus facilitates 
stopping the emission of electrons. In this way, for 
any' value V of the potential applied to the emitting 
electrode, there is a value V s of potential which, 
applied to, the modulation electrode, makes it possible 
to have an electric field on the emitting electrode 
equal to the threshold field of emission of the 
material, V s being lower than V: 

V s = V - AV S 

For any value of potential of the modulation electrode 
greater than V s , there is emission of electrons. For 
any value lower than V s , emission is eliminated. 

The cathode plate, and notably the distribution of 
electrodes can present different embodiments. Figures 5 
to 9 show some of the embodiments possible. For reasons 
of clarity, only a single cathode electrode has been 
shown in these drawings. 

Figure 5 shows a cathode plate 41 comprising a 
plate 43 in insulating material (glass for example) 
supporting a circuit of modulation electrodes, each 
formed by two conductive strips 4 8 and 4 9 connected 
together. The plate 43 also has an insulating film 44, 
in silica for example. On the insulating film 44 
cathode electrodes 45 are placed, in correspondence 
with the modulation electrodes 48, 49. Each cathode 
electrode is placed above the interval separating the 



B 13382.3 JL 



18 



10 



15 



corresponding conductive strips 48 and 49 and 
symmetrical ' with the latter. On these cathode 
electrodes 45 are placed successively a resistive film 
46 and a layer of emissive material 47. The function of 
the resistive film 46 is to standardize the emission on 
- the ' surface of the emissive electrode which is formed 
by the superposition of the elements 45, 46 and 47. In 
this' way very strong random- emissions are prevented • 
which can lead to breakdowns occurring. This 
arrangement facilitates reducing the superposition of 
the cathode electrode and the modulation electrode and 
thereby reducing to the minimum the parasistic capacity 
which there is between them, which is considerable when 
the surface of the screen is important. Certain devices 
do not need this precaution against parasistic 
capacity. The shape of the modulation electrode can 
' change from the one shown in figure 5 to the shape 
shown in figure 6 where it is only made up of a single 
strip. It can obviously take on all the intermediary 
20 shapes . 

Figure 6 shows a cathode plate comprising, as in 
figure 5, a support plate 53, an insulating film 54, a 
cathode electrode 55, a resistive film 56 and a layer 
of emissive material 57. On the other hand, the 1 
modulation electrode 50 is made up of a single 
conductive strip as the emitting electrode is centred 
on the modulation electrode. 

Figure 7 illustrates an intermediary form. Here is 
the structure of, the cathode plate as shown in figure 
5. The cathode plate 61 comprises a support plate 63, 
two conductive strips 68 and 69 forming the modulation 



25 
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electrode, the insulating film 64 supporting the 
emitting electrode made up by the cathode electrode 65, 
the resistive film 66 and the layer of emissive 
material 67. The emitting electrode has in this 

5 embodiment the same width as the gap separating the two 
conductive strips 68 and 69. 

In figure 8, there is also the structure of the 
cathode plate as seen in figure 5. The cathode plate 71 
comprises a support plate 73, two conductive strips 78 

10 and 79 forming the modulation electrode, the insulating 
film 74 supporting the emitting electrode made up by 
the cathode electrode 75, the resistive film 76 and the 
layer of emissive material 77. In this embodiment, the 
layer of emissive material 77 only covers the central 

15 section of the resistive film 76. This layout enables 
obtaining a more condensed bundle of electrons by 
eliminating electrons which could be subjected to the 
edge effects of the cathode electrode 75. This layout 
can be combined with the other embodiments described 

20 previously. 

On figure 9, there is still the structure of the 
cathode plate as shown in figure 5. The cathode plate 
91 comprises a support plate 93, two conductive strips 
98 and 99 forming the modulation electrode, the 

25 insulating film 94 supporting the emitting electrode 
comprising the cathode electrode 95 and the resistive 
film 96. In this embodiment, the emitting electrode 
also comprises studs 92 in catalyst material, for 
example nickel, iron, cobalt or an alloy of these 

30 metals, these studs being placed on the resistive film 
96. The studs 92 have emissive material 97, for example 
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carbon, which is laid preferably on the catalyst 
material to make up emissive sites. 

Figure 10 is a explosed and perspective view of a 
cathode plate for flat field emission screen of the 

5 matrix type implementing the invention. The cathode 
plate 81 comprises a plate 83, in glass for example, 
supporting a network of conductive strips Y forming 
lines, for example Y i# Yj , and Y k . In' these strips, 
openings or windows 80, for example rectangular, have 

10 been fashioned. This network of lines is covered by a 
layer of dielectric material 84 on which parallel 
conductive strips 85 have been laid and at right angles 
to the strips Y. The conductive strips 85 are, in this 
example of realization, grouped in threes to constitute 

15 the columns X ±/ Xj , and X k . The conductive strips 85 are 
each covered' with a layer of resistive material 86 and 
emissive material. In the example in figure 10, the 
emissive material 87 has only b.een laid on the useful 
areas, i.e. on the areas of columns located above 

20 windows 80 made in the lines. In this way two networks 
are obtained, one of lines and the other of columns, 
mutually at right-angles . „A pixel is constituted by the 
crossing of a line and a column. . 

Figure 11 is an example of diagrams of the / 

25 voltages to be applied in order to address a pixel of a 
screen comprising a cathode plate of the type shown in 
figure 10 and in the case when the voltage applied 
between the anode and the cathode creates an electric 
field lower than the emission threshold field. This 

30 example allows reducing to the minimum the number of 
voltage values necessary. To address the pixel Xj , Yj 
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the anode, not shown, is brought up to a potential V A/ 
the column Xj to the potential V 0 and the line Y-, to a 
potential V x (Vi being intermediary between V 0 and V A ) . 
The other columns X are brought up to the potential VI 

5 whilst the other lines Y are brought to the potential 
V 0 . The potential V x is chosen so that the increase of 
the electric field on the emitting electrode is such 
that this electric field becomes greater than the 
threshold field. 

10 Figure 12 is a diagram of the voltages to be 

applied to address a pixel of a display screen 
comprising a cathode plate of the type shown in figure 
10 and in the case when the voltage applied between the 
anode and the cathode creates an electric field higher 

15 than the emission threshold field. To address a pixel 
X 3 , Yj the anode, not shown, is brought up to a 
potential V A , and the column Xj to the potential V 0 . If 
one calls d the distance separating the anode from the 
cathode, the electric field resulting from this 

20 difference of potential (V A . V 0 ) /d is greater than the 
emission threshold field of the material. So that the 
pixel Xj, Yj emits, the potential Vi of the line Yj must 
be greater than the voltage V s . On the column Xj, in 
order for the pixels Xj , Yi and Xj , Y k be off, the 

25 potential V 2 of lines Yi and Y k must be lower than V s . 
On the line Yj , the two pixels X ± , Yj and X k , Yj must be 
off. For this, the potential V 3 of columns X± and X k 
must be greater than V x + AV S , AV S being equal to V 0 - 
V s . The pixels X i ,Y 1 / X 1# Y k / X k ,Y ± and X k ,Y k have a 

30 column voltage equal to V 3 and a line voltage equal to 
V 2 . In fact, V 2 <V S , V 3 >V! + AV S , Vi>V s and V 3 >V S + AV S . The 
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difference between the voltages of columns Xi~X k and the 
lines Yi-Y k being higher than AV S and the line voltages 
being lower than the column voltages, the corresponding 
pixels do not emit . 

Figure 13 is also a voltage diagram applicable to 
the preceding case. Among all the values possible for 
Vi, V 2 and V 3 , an easier solution can be chosen. Thus, 
given that V ± =V 0 and AV > AV S in order to address a 
pixel Xj , Yj a voltage V 0 must be applied on the column 
Xj and the line Yj , the other columns being brought up 
to a voltage V 0 + AV and the other lines to a J voltage 
V 0 - AV. 
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CLAIMS 

1. Device for producing an electric field between 
a first electrode (25) and a second electrode (27) , 
comprising : 

means for applying a potential difference 
between these two electrodes (25, 27) , allowing to 
obtain, if this potential difference is applied alone, 
a predetermined value of electric field in the vicinity 
of the first electrode (25) , 

means forming modulation electrode (28, 29) 
located near to the first electrode (25) , either in the 
same plane, or so that the first electrode is inserted 
between the second electrode and said means forming 
modulation electrode, 

means of control for applying a potential 
difference between the means forming modulation 
electrode (28, 29) and the first electrode (25) in 
order to obtain through the contribution of said 
potential differences another predetermined value of 
electric field in said vicinity of the first electrode 
(25) . 

2. Device according to* claim 1, characterized in 
that the means for applying ' a potential difference 
between the first (25) and the second electrode (27) 
and the control means supply potential differences such 

that the value of the electric field in said vicinity 

i 

of , the first electrode (25), is greater than the value 
which would be due to the potential difference alone 
between the first (25) and the second electrode (27) . 
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3. Device according to claim 1, characterized in 
that the means for applying a potential difference 
between the first (25) and the second electrode (27) 

5 and the control means supply potential differences so 
that the value of the electric field in said vicinity 
of the first electrode (25) is lower than the value 
which would be due to the potential difference alone 
between the first (25) and the second electrode (27) . 

10 

r 

4. Device according to any one of claims 1 to 3 , 
characterized in that the first (25) and the second 
electrode (27) and the means forming modulation 
electrode (28, 29) are arranged in parallel. 

15 

5. Device according to any one of claims 1 to 4 , 
characterized in that the means forming modulation 
electrode comprise two electrodes (28, 29) surrounding 
the first electrode' (25) . 

20 

6. Device according to claim 1 characterized in 
t ! hat when the first electrode is inserted between the 
second electrode and the means forming modulation 
electrode, the means forming modulation electrode is 

25 made up of a single electrode. 

7. Process for producing an electric field between 
a first electrode (25) and a second electrode (27) , 
comprising : 

30 - the application of a potential difference 

between the first (25) and the second electrode (27) so 
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as to obtain, if this potential difference was applied 
alone, a predetermined value of electric field in the 
vicinity of the first electrode (25) , 

the application of a potential difference 
5 between the first electrode (25) and means forming 
modulation electrode (28, 29) and located near to the 
first electrode (25), either in the same plane or so 

that' the first electrode is inserted between the second 

* 

electrode and said means forming modulation electrode, 
10 in order to obtain in association with the electric 
field due to the application of the potential 
difference between the first (25) and the second 
electrode (27) , another predetermined value of electric 
field. 

15 

8. Process according to claim 7, characterized in 
that the application of the potential difference 
between the first (25) and the second electrode (27) is 
such that', if this potential difference was applied 

20 alone, the electric field in said vicinity of the first 
electrode (25) would be greater than said other 
predetermined value . 

9. Process according to claim 7, characterized in 
25 that the application of the potential difference 

between the first (25) and the second electrode (27) is 
such that, if this potential difference was applied 
alone, the electric field in said vicinity of the first 
electrode (25) would be lower than said other 
30 predetermined value. 



B 13382.3 JL 



26 

10. Field emission screen comprising an anode 
plate (32) and a cathode plate (31) facing one another, 
the anode plate (32) comprising, on its internal 
surface of the screen, at least one electrode (37) 

5 supporting phosphor means (20) , the cathode plate (31) 
comprising on its internal surface of the screen at 
least one electrode emitting electrons (35) at least 
partially facing the anode electrode (37) , this cathode 
electrode (35) becoming emitter of electrons when the 

10 electric field in its vicinity exceeds a threshold 
value, the screen also comprising application means for 
a potential difference between said anode electrode 
(37) and said cathode electrode (35) , characterized in 
that the screen further comprises means forming 

15 modulation electrode (38, 39) located in the vicinity 
of the cathode electrode (35) , either on the same plane 
or so that the cathode electrode (35) is inserted 
between the anode electrode (37) and said means forming 
modulation electrode, the screen also comprising 

20 control means for applying a potential difference 
b etwe en the cathode electrode (35) and the means 
forming modulation electrode (38,39), the means for 
applying potential differences is such that it provides 
for obtaining in said vicinity of the cathode electrode 

25 a predetermined value of electric field resulting from 
the contribution of said potential differences, said 
predetermined value being as one wishes either lower 
than said threshold value, or greater than said 
threshold value. 

30 
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11. Display screen according to claim 10, 
characterized in that the means for applying a 
potential difference between said anode electrode (37) . 
r and said cathode electrode (35) is such that, in the 
5 absence of a potential difference applied between the 
cathode electrode (35) and the means forming modulation 
electrode (38, 39), said predetermined value of 
electric field is lower than said threshold value. 

j 

10 12. Display screen according to claim 10, 

characterized in that the means for applying a 
potential difference between said anode electrode (37) 
and said cathode electrode (35) is such that, in the 
absence of potential difference applied between the 

15 cathode electrode (35) and the means forming modulation 
electrode (38, 39), said predetermined value of 
electric field is greater than said threshold value. 

13. Display screen according to any one of claims 
20 10 to 12, characterized in that the means forming 

modulation electrode comprises two electrodes (38, 39) 
surrounding said cathode electrode (35) . 

14. Display screen according to any one of claims 
25 10 to 12, characterized in that, as said cathode 

electrode is located between said anode electrode and 
the means forming modulation electrode, the means 
forming modulation electrode (50) is made up of a 
single electrode. 

30 
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15. Display screen according to any one of claims 
10 to 12, characterized in that, as said cathode 
electrode is located between said anode electrode and 
the means forming modulation electrode/ said cathode 
electrode (35) and the means forming modulation 
electrode (3 8, 3 9) are separated by a layer of 
insulating material (34) . 

16. Display screen according to any one of claims 
10 to 15, characterized in that as said cathode 
electrode (35) comprises a conductor element on which 
is deposited a layer of emissive material (30) . 

r 

17. Display screen according to claim 16, 
characterized in that the layer of emissive material 
(47) is separated from said conductor element (45) by a 
resistive film (46) . 

r 

18. Display screen according to claim 17, 
characterized in that the layer of emissive material 
(77) only covers part of the resistive film (76). 

19. Display screen according to claim 17, 
characterized in that the emissive material (97) is a 
material deposited on the resistive film (96) by means 
of a catalyst material (92) deposited on the resistive 
film (96) and on which the emissive material (97) 
settles preferentially. 

20. Display screen according to' any one of claims 
10 to 19, characterized in that it is of the matrix 
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tYP^/ the crossing of lines and columns defining 
pixels . 

21. Display screen according to claim 10, 
5 characterized in that the anode plate comprises a 

common electrode with phosphor means, the cathode plate 
(81) comprises a plate (83) with conductor lines 
(Yi,Yj,Y k ) constituting the means forming modulation 
electrode, covered with a layer of dielectric material 
10 (84), the layer of dielectric material supporting 
conductor columns (85) , the lines and columns forming a 
matrix arrangement connected to addressing means and 
defining pixels, the conductor columns having an 
emissive material (87) . 

15 

22. Display screen according to claim 21, 
characterized in that each pixel corresponds to the 
crossing of a line (Yi,Yj,Y k ) and several conductor 
columns (85) . 

20 

23. Display screen according to claims 21 or 22, 
characterized in that the conductor lines (Y ±/ Yj t Y^) 
comprise windows (80) facing the conductor columns 
(85) , the emissive material (87) supported by the 

25 conductor columns being only present on the areas of 
the conductor columns corresponding to the windows 
(80) . 

24. Process for the use of a field emission 
30 display screen comprising at least one anode electrode 

(37) and at least one , cathode electrode (35) facing one 
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another, the cathode electrode comprising an emissive 
material (30) emitting electrons when the electric 
field in the vicinity of the cathode electrode (35) 
exceeds a threshold value, characterized in that, in 
5 order to obtain an emission of electrons from the 

emissive material, it comprises: 

J 

the application of a potential difference 
between the anode electrode (37) and the cathode 
electrode (35) so as to obtain in the vicinity of the 

10 cathode electrode, if this potential difference was 
applied alone, an electric field of lower value than 
said threshold valued 

the application of a potential difference 
between the cathode electrode (35) and the means 

15 forming modulation electrode (38, 39) located near the 
cathode electrode, either in the same plane or so that 
the cathode electrode is inserted between the anode 
electrode and said means forming modulation electrode, 
so as to obtain in said vicinity of the cathode 

20 electrode, in association with 'the electric field due 
to the application of the potential difference between 
the anode (37) and cathode (35) electrodes, an electric 
field value greater than said threshold value. 

25 25. A process, for the use of a field emission 

display screen comprising at least one anode electrode 
(37) and at least one cathode electrode (35) facing one 
another, the cathode electrode comprising an emissive 
material (30) emitting electrons when the electric 

30 field in the vicinity of the cathode electrode (35) 
exceeds a threshold value, characterized in that, in 
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order to avoid an emission of electrons from the 
emissive material, it comprises: 

the application of a potential difference 
between the anode electrode (37) and the cathode 

5 electrode (35) so as to obtain in the vicinity of the 
cathode electrode, if this potential difference was 
applied alone, an electric field of greater value than 
said threshold value, 

the application of a potential difference 

10 between the cathode electrode (35) and means forming 
modulation electrode (38, 39) located in the vicinity 
of the cathode electrode, either in the same plane or 
so that the cathode electrode is inserted between the 
anode electrode and said means forming modulation 

15 electrode, so as to obtain in said vicinity of the 
cathode electrode, in association with the electric 
field due to the application of the potential 
difference between the anode (37) and cathode (35) 
electrodes, an electric field value lower than said 

20 threshold value . 
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ABSTRACT 

The present invention concerns a device designed 
to - produce an electric field between two electrodes 
5 (35,37), this electric field must have a specified 
value in the vicinity of one (35) of these two 
electrodes, the device comprising means for applying a 
potential difference between these two electrodes, the 
device comprising means forming modulation electrode 

10 (38,39) located near" to said electrode (35) in the 
vicinity of which the electric field must have a 
specified value. The device also comprises control 
means for applying a potential, difference between the 
means forming modulation electrode (38,39) and , said 

15 electrode (35) located nearby in order to obtain, 
through the contribution' of said 'potential differences, 
said specified value of electric field. 

20 Figure 4 . 
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the claims, as amended by any amendment referred to above. 
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in Section 1.56 of Title 37 Code of Federal Regulations. 
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(Application Number) (Filing Date) 

We (I) hereby claim the benefit under 35 U.S.C. §120 of any United States application(s), or § 365(c) of any PCT 
International application designating the United States, listed below and, insofar as the subject matter of each of the claims of 
this application is not disclosed in the prior United States or PCT International application in the manner provided by the first 
paragraph of 35 U.S.C. § 1 12, I acknowledge the duty to disclose information which is material to patentability as defined in 37 
CFR § 1.56 which became available between the filing date of prior application and the national or PCT International filing 
date of this application. 
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M. Du Bois, Registration Number-3iD22; Brian P. O'Shaughnessy, Registration Number-32J47; Kenneth B. Leffler, 
Registration Number ,36,075 and Fred W. Hathaway, Registration Number 32,236 our (my) attorneys, with full powers of 
substitution and revocation, to prosecute this application and to transact^aTTFusiness in the Patent Office connected 
therewith; and we (I) hereby request that all correspondence regarding this application be sent to the firm of BURNS, 
DOANE, SWECKER & MATHIS LLP, whose post Office Address is : 1737 King Street #400, Alexandria, Virginia 
22314-2727. 
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